In this prospective, randomized controlled trial, changes in endotracheal tube cuff pressure were studied in 60 patients undergoing elective surgery under general anaesthesia with nitrous oxide and oxygen. The cuffs were inflated with either air or distilled water. The mean pressure in the air-filled cuffs increased steadily throughout the procedure, reaching 47.5±7.3 cmH 2 O at one hour compared with 31.6±2.4 cmH 2 O mean pressure in the water-filled cuffs. The pressure and the rate of rise in cuff pressure were significantly lower (P<0.05) in the water-filled cuffs throughout the hour of study. When an endotracheal tube cuff is distended with water, the rise in cuff pressure during nitrous oxide anaesthesia is lower than that of an air-filled cuff.
Excessive endotracheal tube (ETT) cuff pressures are common in intensive care units and operating rooms, especially during nitrous oxide (N 2 O) anaesthesia 1, 2 . The clinical significance of cuff pressure has been questioned because airway injury secondary to a pressure effect is clinically rare and may not be immediately recognizable 3 . Nevertheless, damage to the tracheal wall due to such pressure has been well-documented [4] [5] [6] . The magnitude of pressure exerted, the area of tracheal mucosa involved and the duration of increased pressure affect the extent of pressure produced damage 3 . Over-inflation of the cuff and the use of N 2 O, which diffuses into airinflated cuffs during N 2 O anaesthesia 7 , are important contributory factors. The tracheal mucosa becomes ischaemic when the pressure of the tracheal cuff exceeds capillary perfusion pressure. Human studies show that cuff pressures greater than 40 mmHg (54.3 cmH 2 O) produce ischaemic changes to the tracheal wall within 15 minutes 8 . Sore throat and hoarseness 4,5 are the common postoperative symptoms. Rare but serious complications such as vocal cord paralysis 9 , cuff herniation causing occlusion 10 and vocal cord granuloma 11 have been reported after brief periods of intubation.
Nitrous oxide is about 34 times more soluble than nitrogen in blood. Its blood/water coefficient is 0.468/0.435, which is near unity 12 . This means that it is similarly soluble in blood as in water, and the flow of N 2 O is thus not readily facilitated into a waterfilled ETT cuff.
The objective of this study was to determine whether inflating the ETT cuff with distilled water, instead of air, reduced the increase in ETT cuff pressure during N 2 O anaesthesia.
MATERIALS AND METHODS
After obtaining institutional board approval and informed patient consent, 60 patients of ASA physical status 1 and 2 and aged between 16 and 65 years were studied. These patients underwent elective abdominal or extremity surgery under N 2 O anaesthesia at Hospital Universiti, Kebangsaan, Malaysia and Hospital Kuala Lumpur. Head and neck surgery was excluded because of inaccessibility of the pilot balloons and the possibility of cuff pressure changes attributable to physical manipulation.
Patients were randomized into two groups using sealed envelopes. Group A (n=30) had their ETT cuffs inflated with air and Group W (n=30) had their ETT cuffs distended with distilled water. The Mallinckrodt ETTs used had high-volume, lowpressure cuffs and sizes chosen were 7.0 or 7.5 mm internal diameter (ID) for female patients and 8.0 or 8.5 mm ID for male patients. All ETTs were checked for leaks prior to use and the absence of air bubbles was ensured in Group W by priming with water at the time of checking.
All patients were premedicated with oral midazolam 7.5 mg. Anaesthesia was induced with thiopentone 4 to 5 mg.kg -1 and fentanyl 1 to 2 µg.kg -1 . Atracurium 0.5 to 0.6 mg.kg -1 was used for muscle relaxation. The anaesthetic gases N 2 O:oxygen were used in a 2:1 ratio using the circle circuit and endtidal isoflurane concentration was adjusted between 0.5 and 1.0%.
An atraumatic intubation was performed with an oral ETT and its cuff was inflated with either air or distilled water until there was no audible leak. Patients were maintained with the same anaesthetic gas mixture and an atracurium infusion at 0.4 to 0.5 mg.kg. -1 hr -1 .
A single operator used a calibrated pressure manometer (control cuff inflator VBM Medizintechnik CE 0047 VBM Medizintechnik GmbH, Sulz, Germany) that was continuously connected to the ETT pilot balloon. This simple manometer measured the cuff pressure when the distal end of its tubing was inserted into the pilot balloon.
The first pressure reading was measured immediately after the ETT was connected to the circuit. This was taken as "0" time and further readings were made at 15 minute intervals for one hour. Patients were excluded from the study if the intubation involved multiple attempts, there were signs of bronchospasm, a change in the ratio of N 2 O:oxygen was required or the procedure lasted less than one hour.
The results were analysed using Student's t-test and the chi square test as appropriate. A P value of <0.05 was considered significant.
RESULTS
Seven patients were excluded from this study; one for a change in the ratio of N 2 O:oxygen administered, three because of surgical duration less than one hour and three due to inadequate removal of air bubbles in the water-filled cuff. The latter were patients recruited at an early stage of the study.
There were no significant differences between the two groups with respect to age, gender and weight ( Table 1 ).
The measured mean pressures in the cuffs inflated with air and distilled water are shown in Figure 2 . No statistically significant difference was observed at "0" time. The mean cuff pressures in Group A exceeded those in Group W throughout the hour, reaching significance at 15 minutes and thereafter (P<0.05).
The mean pressure differences from "0" time (baseline) at each 15 minute interval are shown in Figure 3 . The changes in mean pressure were significantly higher in the air group at 15 minutes and thereafter (P<0.05).
DISCUSSION
Routine ETT cuff pressure measurement has been recommended as a means of minimizing tracheal trauma 1,2 , but is not widely practised. Regular, periodic checking of the cuff pressure and deflating it if indicated is time consuming, distracting and can lead to periods of cuff over-and under-inflation.
Various methods have been advocated to prevent the rise in ETT cuff pressure during N 2 O anaesthesia. Devices such as foam-filled cuffs, pressure relief valves and rediffusion systems have been proposed to limit excessive cuff pressures intraoperatively [13] [14] [15] [16] . Several gas barrier tubes have been shown to effectively prevent increases in ETT cuff pressures [17] [18] [19] [20] , but are expensive.
Inflating the ETT cuff with N 2 O/oxygen mixtures or a sample of the inspired gas mixture is another method of keeping intracuff pressures low 6, [21] [22] [23] . A decrease or increase in the N 2 O concentration used may deflate or over-inflate the cuff and cuff leaks can occur 23 . Normal saline-filled cuffs have also prevented the increase in cuff pressure 12, 23 . To our knowledge, there has been no similar study using water to fill ETT cuffs. In our study, ETT cuffs filled with water exerted a significantly lower pressure compared with air-filled cuffs throughout the hour of monitoring. At one hour, the increase in mean ETT cuff pressure inflated with air (25.53±8.89) was higher by threefold compared with after distension with water (7.70±3.63). Nevertheless, there was also a gradual but small increase in pressure in water-filled cuffs. A longer period of study would have been necessary to further determine the duration and significance of this increase, although it has been reported that the increase in tracheal cuff pressure occurs mainly during the first hour of anaesthesia 6 . The small increase in cuff pressure was expected, because the blood/water coefficient of N 2 O is not exactly 1.0. Another probable reason for this slow pressure rise in water-filled cuffs is the presence of minute air bubbles, despite initial priming. Priming and distending the ETT cuffs with water is technically more difficult than air inflation and requires practice and patience. We had to exclude three patients recruited in the early phase of our study due to incomplete removal of air bubbles.
A situation in which there are advantages in not using air to inflate the ETT cuff is laser surgery. Air-filled ETT cuffs collect N 2 O and this can be dangerous as it supports combustion. Unlike the laryngeal mask airway which can be damaged during sterilization in an autoclave 24 , using fluid to fill the cuff of an ETT is not an issue.
In the absence of routine ETT cuff measurement or monitoring, the anaesthetist should take precautions to avoid detrimental increases in cuff pressure during N 2 O anaesthesia. Various devices and techniques have been advocated, but many are neither practical nor economical. The use of sterile distilled water is an alternative method that is practical, cheap and non-polluting. In our operating theatre, distilled water is available in convenient 10 ml ampoules or plastic containers, unlike saline which is only supplied as a 500 ml pack.
In conclusion, distension of an endotracheal tube cuff with water is an acceptable alternative to air inflation, because this leads to a significantly lower rise in cuff pressure during nitrous oxide anaesthesia.
